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(54) Multitubular heat exchanger having an appropriate tube arrangement pattern 



(57) A combination of tank members (2, 3) forms a 
fluid path for guiding a first heat exchange medium sub- 
stantially in a first direction. A plurality of microtubes (1 ) 
each having an outer diameter D are interposed be- 
tween the tank members (2, 3). A second heat exchange 
medium is guided by these microtubes (1) in a second 
direction intersecting the first direction for heat ex- 
change with the first heat exchange medium. The mi- 
crotubes (1) are staggered to have a pitch X in the first 
direction and are aligned to have a pitch Y in a third di- 
rection perpendicular to the first and the second direc- 
tions. In particular, the pitch Y is selected within a range 
specified by 1.8 ^ Y/D ^ 2.4. It is preferable that the 
pitch X is selected within a range specified by 1 1 2 ^ X/ 
D ^ 1.8. 
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Description 

This invention relates to a heat exchanger for use 
in an air-conditioner and, in particular, to a multitubular 
or shell-and-tube heat exchanger comprising a tube 
bundle array. 

A general heat exchanger for use in an air condi- 
tioner is required to have a low draft resistance (pres- 
sure loss) and a high heat transfer power (cooling ca- 
pacity or heat radiation capacity). The heat transfer ca- 
pacity (Q) is given by: 

Q = K X A X dT, 

where K represents an overall heat transfer coefficient, 
A, a heating surface area, and dT, a logarithmic mean 
temperature distance. If the heating surface area is con- 
stant, the heat transfer capacity is proportional to the 
overall heat transfer coefficient. It is noted here that the 
overall heat transfer coefficient is dependent upon the 
inside and the outside heat transfer coefficients inside 
and outside of the tubes. The outside heat transfer co- 
efficient and the ventilating resistance are related to a 
tube arrangement pattern and an air velocity. 

A multitubular heat exchanger of the type is dis- 
closed in Japanese Unexamined Patent Publication 
(JP- A) No. 1 90287/1 986 corresponding to United States 
Patent No. 4,676,305. The heat exchanger comprises a 
plurality of heat exchange modules each of which con- 
tains an array of a plurality of microtubes (may simply 
be referred to as tubes) arranged in parallel to one an- 
other and a shell surrounding the tubes. Each tube has 
an outside diameter not greater than 3mm. The heat ex- 
change module is of a so-called counterflow type. Spe- 
cifically, an outer fluid outside of the tubes flows within 
the shell in one direction parallel to an axial direction of 
each tube while an inner fluid inside of the tubes flows 
in a reverse direction reverse to the one direction. In a 
plane perpendicular to the axial direction, the tubes are 
arranged in a staggered pattern. Specifically, the tubes 
have a hexagonal-close-pack pattern with an angle of 
60°. The row distance between rows of the tubes is 
equal to 0.866 times the tube center distance (TC) be- 
tween tube centers. The tube center distance (TC) is 
generally equal to 1 .3 to 2.8 times the outside diameter 
of the tubes. In such a multitubular heat exchanger also, 
it is important to increase a ratio of the overall heat trans- 
fer coefficient to the ventilating resistance. 

In the multitubular heat exchanger, during passage 
of the air stream as the outer fluid, moisture contained 
in air is condensed at an outer surface of each tube. 
Such condensation of moisture has an influence upon 
heat transfer of the heat exchanger and can not be ne- 
glected. . 

However, the prior art shows no empirical formula 
to obtain the heat transfer coefficient taking the conden- 
sation of moisture into consideration, although proposal 
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in the heat transfer engineering is made of a dimension- 
less formula capable of obtaining an outside heat trans- 
fer coefficient for an air stream flowing through a space 
in a tube bundle array containing a number of tubes ar- 
s ranged in a staggered pattern. 

It is therefore an object of this invention to provide 
a multitubular heat exchanger which is capable of 
achieving an effective ratio of an outside heat transfer 
coefficient to a ventilating resistance by selecting an ap- 
10 propriatetube arrangement pattern taking condensation 
of moisture contained in air into consideration. 

Other objects of this invention will become clear as 
the description proceeds. 

A multitubular heat exchanger to which this inven- 
ts tion is applicable is for carrying out heat exchange be- 
tween a first heat exchange medium flowing substan- 
tially in a first direction and a second heat exchange me- 
dium flowing in a second direction intersecting the first 
direction. 

20 According to an aspect of this invention, the heat 
exchanger comprises a plurality of microtubes each 
guiding the second heat exchange medium in the sec- 
ond direction. The microtubes are staggered to have a 
pitch X in the first direction and aligned to have a pitch 

25 Y in a third direction perpendicular to the first and the 
second directions. Each of the microtubes has an outer 
diameter not greater than 3mm. Each of the microtubes 
containes, as the second heat exchange medium, a re- 
frigerant which is evaporated within each of the micro- 

30 tubes to make water be condensed as condensed water 
on an outer peripheral surface of each of the microtubes. 
The second direction is the vertical direction. The con- 
densed water flows downward along the outer periph- 
eral surface of each of the microtubes. 

3S According to another aspect of this invention, the 
heat exchanger comprises a plurality of microtubes 
each having an outer diameter D and guiding the second 
heat exchange medium in the second direction. The mi- 
crotubes are staggered to have a pitch X in the first di- 

40 rection and aligned to have a pitch Y in a third direction 
perpendicular to the first and the second directions. In 
the heat exchanger, the pitch X satisfies the relationship 
expressed by. 

1 .12 ^ X/D ^ 1.8. 

According to still another aspect of this invention, 
the heat exchanger comprises a plurality of microtubes 

so each having an outer diameter D and guiding the second 
heat exchange medium in the second direction. The mi- 
crotubes are staggered to have a pitch X in the first di- 
rection and aligned to have a pitch Y in a third direction 
perpendicular to the first and the second directions. In 

55 the heat exchanger, the pitch Y satisfies the relationship 
expressed by: 
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1.8 ^ Y/D % 2.4. 

In the accompanying drawings: - 

Fig. 1 is a perspective view of a multitubular heat 
exchanger according to a first embodiment of this 
invention; 

Fig. 2 is a perspective view of a multitubular heat 
exchanger according to a second embodiment of 
this invention; 

Fig. 3 is a view for describing a staggered pattern 
of a tube bundle array of each of the multitubular 
heat exchangers illustrated in Figs. 1 and 2; 
Fig. 4 is a view showing the state that sealing mem- 
bers are arranged upon measurement of character- 
istics of the tube bundle array in the multitubular 
heat exchanger illustrated in Fig. 1 ; 
Fig. 5 shows a heat exchanger efficiency with re- 
spect to an X/D ratio; 

Fig. 6 shows a heat exchanger efficiency with re- 
spect to a Y/D ratio; 

Fig. 7 shows a heat exchanger efficiency with re- 
spect to the number of rows of tubes; 
Fig. 8 is a perspective view of a multitubular heat 
exchanger according to a third embodiment of this 
invention; 

Fig. 9 is a perspective view of a multitubular heat 
exchanger according to a fourth embodiment of this 
invention; and 

Fig. 1 0 is a perspective view of a multitubular heat 
exchanger according to a fifth embodiment of this 
invention. 

Now, description will be made about this invention 
with reference to the drawing. 

Referring to Fig. 1, a multitubular heat exchanger 
according toa first embodiment of this invention is a mul- 
titubular evaporator. The evaporator comprises a large 
number of microtubes 1 each having an outer diameter 
not greater than 3.0mm. Each of the microtubes 1 has 
opposite ends bonded by brazing to upper and lower 
tanks 2 and 3 so as to allow fluid communication be- 
tween the microtubes 1 and the upper and the lower 
tanks 2 and 3. In the following description, the micro- 
tubes 1 may collectively be called a tube bundle. 

The upper tank 2 is connected to an inlet tube 4 and 
an outlet tube 5. The upper tank 2 is provided with par- 
tition plates 7 and 8 partitioning an internal space of the 
upper tank 2, as depicted by dotted lines in the figure. 
Likewise, the lower tank 3 is provided with similar parti- 
tion plates 7' and 8\ Each of the upper and the lower 
tanks 2 and 3 is thus divided into four chambers. As seen 
from the figure, the partition plate 8 in the upper tank 2 
is partially provided with communication holes to allow 
fluid communication between the rear-side two cham- 
bers. On the other hand, the partition plate T in the lower 
tank 3 is provided with communication holes to allow flu- 



id communication between the right-side two chambers 
and between the left-side two chambers. 

In the example being illustrated, a pair of side plates 
6 are attached to both lateral sides of the evaporator. 
Furthermore, a horizontal center plate 10 is fixed to the 
side plates 6 to support the tube bundle. 

As an inner fluid, a refrigerant flows through the inlet 
tube 4 into the upper tank 2, travels through a refrigerant 
path formed by the microtubes 1 and the upper and the 
lower tanks 2 and 3, and flows out from the upper tank 
2 through the outlet tube 5, as depicted at thick solid 
lines with arrowheads. Specifically, the refrigerant path 
comprises four parts, namely, a front-side downward 
path, a rear-side upward path, a rear-side downward 
path, and a front-side upward path. Herein, the partition 
plates in the upper and the lower tanks 2 and 3 serve 
as an inner fluid guiding arrangement to define the 
above-mentioned four-part refrigerant path. 

As an outer fluid or a first heat exchange medium, 
air flows into the evaporator from a front side thereof in 
a first direction depicted by a white arrow in the figure, 
namely, in the horizontal direction. The first heat ex- 
change medium flows through a space in the tube bun- 
dle in the first direction which may be referred to as the 
airstream direction. Herein, a combination of the upper 
and the lower tanks 2 and 3, the side plates 6, and the 
center plate 10 serves as a guiding arrangement for 
guiding the first heat exchange medium in the first di- 
rection. 

Between the upper and the lower tanks 2 and 3, 
each microtube extends in a second direction intersect- 
ing or perpendicular to the first direction, namely, in the 
vertical direction. The refrigerant flows upward or down- 
ward as a second heat exchange medium within the mi- 
crotubes 1 for heat exchange with the first heat ex- 
change medium. Thus, the illustrated multitubular evap- 
orator is a multitubular heat exchanger of an orthogonal 
flow type. 

Referring to Fig. 2, a multitubular heat exchanger 
according to a second embodiment of this invention is 
also a multitubular evaporator. The evaporator compris- 
es a large number of microtubes 1 each having an outer 
diameter not greater than 3.0mm. Each of the micro- 
tubes 1 has opposite ends bonded by brazing to upper 
and lower tanks 11 and 12 so as to allow fluid commu- 
nication between the microtubes 1 and the upper and 
the lowertanks 11 and 12. 

The upper tank 11 is connected to an inlet tube 16 
and an outlet tube 1 7. The upper tank 1 1 is provided with 
partition plates 13, 14, and 15 partitioning an internal 
space of the upper tank 11 , as depicted by dotted lines 
in the figure. Likewise, the lower tank 1 2 is provided with 
similar partition plates 13', 14', and 15'. Each of the up- 
per and the lower tanks 11 and 12 is thus divided into 
six chambers. As seen from the figure, the partition plate 
15 in the upper tank 11 is provided with communication 
holes to allow fluid communication between the rear- 
side center and left chambers and between the front- 
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side left and center chambers. Likewise, the partition 
plates 1 3' and 14* in the lower tank 1 2 are provided with 
communication holes to allow fluid communication be- 
tween the rear-side right and center chambers, between 
the left-side two chambers, between the front-side cent- 
er and right chambers, and between the rear-side center 
and right chambers. 

Like in the first embodiment, a pair of side plates 6 
are attached to both lateral sides of the evaporator. Fur- 
thermore, a horizontal center plate 10 is fixed to the side 
plates 6 to support the tube bundle. 

As an inner fluid or a second heat exchange medi- 
um, a refrigerant flows through the inlet tube 16 into the 
upper tank 1 1 , travels through a refrigerant path formed 
by the microtubes 1 and the upper and the lower tanks 
1 1 and 1 2, and flows out from the upper tank 1 1 through 
the outlet tube 17, as depicted at thick solid lines with 
arrowheads. Specifically, the refrigerant path comprises 
six parts, namely, a rear-side right downward path, a 
rear-side center upward path, a rear-side left downward 
path, a front-side left upward path, a front-side center 
downward path, and a front-side right upward path. 
Herein, the partition plates in the upper and the lower 
tanks 11 and 1 2 serve as an inner fluid guiding arrange- 
ment to define the above-mentioned six-part refrigerant 
path. 

As an outer fluid or a first heat exchange medium, 
air flows in a first direction depicted by a white arrow in 
the figure in the manner similar to that described in con- 
junction with the first embodiment. In the second em- 
bodiment also, a combination of the upper and the lower 
tanks 1 1 and 1 2, the side plates 6, and the center plate 
1 0 serves as a guiding arrangement for guiding the first 
heat exchange medium in the first direction. 

In each of the multitubular evaporators shown in 
Figs. 1 and 2, the microtubes 1 of the tube bundle are 
arranged in a staggered pattern, which will hereafter be 
described, so as to obtain an optimum ratio of an overall 
heat transfer coefficient to a ventilating resistance. In or- 
der to obtain the pattern exhibiting the above-mentioned 
optimum ratio, measurement has been made of the 
overall heat transfer coefficient and the ventilating re- 
sistance of the tube bundle for various arrangement 
pitches. 

Referring to Fig. 3, description will be made about 
an arrangement of the microtubes 1 in each of the mul- 
titubular evaporators shown in Figs. 1 and 2. In Fig. 3, 
the first direction along which the outer fluid or the first 
heat exchange medium flows is depicted by a white ar- 
row. The second direction along which the inner fluid or 
the second heat exchange medium flows is perpendic- 
ular to a drawing sheet. A third direction is perpendicular 
to the first and the second directions. Each of the micro- 
tubes 1 has an outer diameter D. The microtubes 1 are 
staggered or offset in each of the first and the second 
directions. In other words, the microtubes 1 are stag- 
gered to have a pitch X in the first direction while they 
are aligned to have a pitch Y in the third direction. For 
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convenience of description, the microtubes 1 are clas- 
sified into three groups, namely, first microtubes la, sec- 
ond microtubes 1b adjacent to the first microtubes la in 
the third direction, and third microtubes 1c adjacent to 
s the first and the second microtubes 1 a and 1 b in a fourth 
direction obliquely intersecting the first and the third di- 
rections. 

Experimentally, a plurality of samples of heat ex- 
changers were manufactured with the structure illustrat- 
10 ed in Fig. 1 or 2. These samples had different arrange- 
ment patterns with different X/D and Y/D ratios of the 
pitches X and Y to the outer diameter D of the micro- 
tubes. As a test apparatus, use was made of a cyclom- 
etric calorimeter including a refrigerant circuit using 
is fluorocarbon as a refrigerant. Each sample was used as 
an evaporator in the refrigerant circuit. 

The test conditions were as follows: 

Air Temperature at Evaporator Inlet: 27° C 
20 Relative Humidity: 50% 

Refrigerant Pressure 

before Expansion Valve: 1 .74 MPa 

Refrigerant Pressure 

at Evaporator Outlet: 0.28 MPa 
25 Subcooling and Superheating: 5 deg (Celsius) 

An air volume (outlet air volume) passing through 
the evaporator was controlled to several predetermined 
air volumes between 300 and 450 m 3 /h. Then, meas- 

30 urement was made of a cooling capacity and a ventilat- 
ing resistance of the evaporator. An air velocity in each 
sample for these air volumes is about 6 to 7m/s or less 
in terms of a peak velocity, namely, a velocity during pas- 
sage through a minimum spacing or gap between adja- 

35 cent tubes. A Reynolds number Re max is not greater 
than 1200 for the peak velocity and the tube diameter 
of a characteristic size. 

For convenience of the test apparatus, the cooling 
capacity Q is calculated as a product of the weight of an 

40 outlet air passing through the evaporator and an en- 
thalpy difference between the inlet air and the outlet air 
of the evaporator, as expressed by the following equa- 
tion: 

45 

Q=Ga x (Ia1 - Ia2), 

where Ga represents the weight of flow of the outlet air, 
Ia1 , the enthalpy of the inlet air, and Ia2, the enthalpy of 

50 the outlet air. 

At an outer surface of each tube, heat transfer is 
accompanied by condensation of moisture contained in 
air passing through the evaporator. Therefore, a heat 
transfer characteristic of the tube bundle is represented 

55 as the overall heat transfer coefficient based on en- 
thalpy difference. 

The overall heat transfer coefficient based on en- 
thalpy difference is represented by the following equa- 
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tion: 

Q=Kj X A X dl. 

The above equation is rewritten into: 

Kj = Q/(A x dl), 

where K ; represents the overall heat transfer coefficient 
based on enthalpy difference, A, the outside total heat- 
ing surface area, and dl, the logarithmic mean enthalpy 
difference. The logarithmic mean enthalpy difference dl 
is given by: 

dl = [(Ia1 - Ia2)] 
/In[la1 -Ir)-(la2-lr)], 

where Ir represents the enthalpy of saturated air corre- 
sponding to the refrigerant saturation temperature at the 
mean evaporator pressure. 

The pressure loss f is defined by the use of the ven- 
tilating resistance dP of the evaporator and the number 
N of rows of tubes in the first direction as follows: 

f = dP/N. 

For evaluation, the heat exchanger efficiency of the 
evaporator is defined as a ratio (K/f) of the overall heat 
transfer coefficient based on enthalpy difference to the 
pressure loss, 

Fig. 4 schematically shows the arrangement of the 
tube bundle in the multitubular evaporators shown in 
Fig. 1 . Gaps are present between lateral sides of the 
tube bundle and the side plates 6. In addition, another 
gap is present at the center of the tube bundle in corre- 
spondence to the partition plate within the tank de- 
scribed above. These gaps may possibly form bypass- 
ing paths of the airstream. In order to more accurately 
measure the ventilating resistance and the overall heat 
transfer coefficient of the tube bundle, such unexpected 
bypassing of the airstream in the tube bundle must be 
inhibited. For this purpose, sealing members 21 , 22, and 
23 are fitted in these gaps, as illustrated in Fig. 4. 

Fig. 5 shows the K^f ratio as the heat exchanger 
efficiency with respect to the X/D ratio. In the figure, sev- 
en kinds of 3mm-diameter samples have the constant 
Y/D ratio of 2 and the different X/D ratios. The minimum 
X/D ratio is equal to 1.04, in which case the portion b in 
Fig. 3 gives a minimum path sectional area correspond- 
ing to the above-mentioned minimum spacing or gap. 
The second minimum X/D ratio is equal to 1 . 12, in which 
case the portions a and b have the same size. In the 
other 3-mm diameter samples, the minimum path sec- 



tional area is given by the portion a. For convenience of 
data evaluation, the relationship between the K/f ratio 
and the air velocity is shown in Fig. 5 for all of the sam- 
ples. Herein, the air velocity is calculated from a prede- 
5 termined air volume and the path sectional area based 
on the portion a. The number of rows of tubes in the first 
direction (airstream direction) is equal to 1 2 in the 3-mm 
diameter samples. 

The four kinds of 2.2mm-diameter samples have 
10 the constant Y/D ratio of 1 .82 and the different X/D ra- 
tios. The number of rows of tubes is equal to 11 . 

In the 3-mm diameter samples for the velocity of 
each of 6.0m/s, 5.0m/s, and 4.0m/s, the K/f ratio slightly 
increases with an increase of the X/D ratio until it is sat- 
16 urated at the X/D ratio of about 1 .6. On the other hand, 
with a decrease of the X/D ratio, the K/f value at first 
decreases at the X/D ratio of 1 . 1 2 in which case the por- 
tions a and b have the same size, and further decreases 
at the smaller X/D ratio of 1 .04. This is particularly be- 
20 cause the ventilating resistance by the portion b giving 
the minimum path sectional area is predominant and 
great. On the other hand, the condensed water forms a 
water film on the surface of each tube. If the portion b 
is narrow, the water film further decreases the path sec- 
25 tional area. With an increase of the ventilating resist- 
ance, the problem of frost arises also. Therefore, al- 
though the heat exchanger is made compact by reduc- 
ing the X/D ratio, the X/D ratio must be selected to be 
an optimum value such that the above-mentioned dis- 
30 advantages are avoided. 

In the 2. 2mm-diameter samples, the K/f ratio shows 
the gradient substantially equal to that of the 3mm-di- 
ameter samples. It is noted here that, with the decrease 
in air velocity, the saturation tendency is slightly sup- 
35 pressed in the 2.2mm-diameter samples as compared 
with the 3mm-diameter samples. 

Taking the above into consideration together, the X/ 
D ratio must be equal to 1 . 1 2 or more, preferably, 1 .2 or 
more in order to obtain the effective value of the heat 
40 exchange efficiency, namely, the ratio (K/f) of the overall 
heat transfer coefficient based on enthalpy difference to 
the pressure loss. On the other hand, the increase in X/ 
D ratio results in a disadvantage that the tube bundle 
array is greater in size in the first or the airstream direc- 
ts tion. Accordingly, taking the saturation of the K/f ratio 
into consideration, the X/D ratio must have an upper limit 
value on the order of 1 .8, preferably, 1 .7. 

Fig. 6 shows the K/f ratio as the heat exchanger 
efficiency with respect to the Y/D ratio. In the figure, the 
so six kinds of 3mm-diameter samples have the constant 
X/D ratio of 1 .33 and the different Y/D ratios. The three 
kinds of 2.2mm-diameter samples have the constant X7 
D value of 1 .27 and the different Y/D ratios. 

In the 3mm-diameter samples, the K/f ratio tends 
55 to increase for each air velocity until the Y/D ratio reach- 
es 2.2. Beyond the value, the K/f ratio is saturated. 

On the other hand, in the 2.2mm-diameter samples, 
the K/f ratio exhibits the gradient substantially equal to 
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that of the 3mm-diameter samples. It is noted here that 
the K/f ratios in the 2.2mm-diameter samples are slight- 
ly lower than those in the 3mm-diameter samples. The 
reason will presently be described in conjunction with a 
specific example. As described in the foregoing, the 
3mm-diameter samples and the 2.2mm-diameter sam- 
ples have the X/D ratios of 1 .33 and 1 .27, respectively, 
in Fig. 6. The difference in K/f ratio resulting from the 
above-mentioned difference in X/D ratio is about 3% as 
seen from the gradient at the air velocity of 4m/s in Fig. 
6 for example. It will be understood that the K/f ratios of 
the 2.2mm-diameter samples in Fig. 6 are lower than 
those of the 3.0mm-diameter samples in correspond- 
ence to the above-mentioned difference in X/D ratio. In 
Fig. 6, the 2.2mm-diameter sample having the Y/D value 
of 2.0 shows the K/f ratio of about 88. Taking the above- 
mentioned 3% difference into consideration, the K/f ra- 
tio of about 88 is modified into about 90.6 which is nearer 
to the K/f value of the corresponding 3.0mm-diameter 
sample. 

It will be understood from Fig. 6 that, in order to ob- 
tain the effective value of the heat exchanger efficiency, 
namely, the ratio (K/f) of the overall heat transfer coef- 
ficient based on enthalpy difference to the pressure loss, 
the Y/D ratio must be equal to about 2.2. On the other 
hand, the increase in Y/D ratio requires a reduced 
number of tubes to be arranged in the third or widthwise 
direction if the width of the heat exchanger is un- 
changed. This results in decrease in cooling capacity. 
In order to assure a sufficient cooling capacity, the 
number of the tubes must not be reduced. In this event, 
the increase in Y/D ratio results in an increase in size of 
the heat exchanger in the third direction and is therefore 
unfavorable. Taking the above and the practical aspect 
into consideration together, the Y/D ratio within a range 
between about 1 .8 and 2.4 is preferable to provide an 
effective K/f ratio. 

Fig. 7 shows the K/f ratio as the heat exchanger 
efficiency with respect to the number N of rows of tubes. 
In the figure, all samples have the tube diameter of 3mm 
and the X/D ratio of 1 .33. The numbers of rows of tubes 
are equal to 10, 12, and 14. For each air velocity, the K/ 
f ratio slightly increases in a linear fashion with respect 
to the increase of the number of rows of tubes. 

In Figs. 5 and 6, description has been made about 
the heat exchanger efficiency for the tube bundles com- 
prising 11 and 12 rows of the microtubes 1. It will be 
understood that the similar characteristic is obtained in 
case where the number of rows is between 10 and 14 
and is even smaller or greater than the above-men- 
tioned range. 

In each of the foregoing embodiments, the evapo- 
rator is divided into four or six sections. It will be under- 
stood that the number of sections may be any appropri- 
ate number as far as the inner circuit pressure loss 
caused by the refrigerant flowing inside of the tubes can 
be suppressed within an allowable range and the refrig- 
erant is substantially uniformly distributed in the respec- 



tive tubes. At any rate, the refrigerant or the inner fluid 
flows into one of the tanks and flows out from the other 
tank. 

Referring to Fig. 8, a multitubular heat exchanger 

s according to a third embodiment of this invention has 
upper and lower tanks 11 and 12 each of which has no 
partition plate. The inner fluid travels through a single 
path from the lower tank 1 2 through the microtubes 1 to 
the upper tank 11. 

10 Referring to Fig. 9, a multitubular heat exchanger 
according to a fourth embodiment of this invention has 
upper and lower tanks 11 and 12 each of which has two 
chambers divided by a single partition plate. The inner 
fluid travels through a two-part fluid path from the upper 

is tank 1 1 through the microtubes 1 , the lower tank 1 2, and 
the microtubes 1 to the upper tank 11. 

In the foregoing, the heat exchanger has a pair of 
tanks arranged in parallel to each other in a vertical di- 
rection. Alternatively, the tanks may be arranged in par- 

20 allel to each other in the horizontal direction with the ax- 
ial direction of the tubes in parallel to the horizontal di- 
rection. In this case, however, additional means is re- 
quired to assure substantially uniform flow of the inner 
heat exchange medium within the respective tubes. 

25 Referring to Fig. 10, a multitubular heat exchanger 
according to a fifth embodiment of this invention has a 
single-sided tank structure. In each of the foregoing em- 
bodiment, the upper and the lower tanks (2, 3 or 11, 12) 
are arranged opposite to each other with the tube bundle 

^0 interposed therebetween. In this embodiment, the heat 
exchanger comprises upper and lower tanks 1 1 and 1 2 
arranged at one side (at the top in Fig. 10) of a tube 
bundle array. The upper and the lower tanks 11 and 1 2 
are formed by partitioning a single tank at a center plane 

35 in the vertical direction to obtain a two-layer structure. 
Each microtube 1 is bent at the bottom of the heat ex- 
changer to form a U shape and has one tube end com- 
municating with the lower tank 12 and the other tube 
end communicating with the upper tank 11 after pene- 

40 trating through the lower tank 1 2. With this structure, an 
inner heat exchange medium flows from the lower tank 
1 2 through the tubes 1 into the upper tank 11. 

This invention is preferably applicable toa tube bun- 
dle array including ten or more rows of tubes with the 

45 tube diameter of 3mm or more in case where an air 
stream has the Raynolds number Re max far smaller than 
2000 for the peak velocity and the tube diameter of a 
characteristic size. 

As described above, the multitubular heat exchang- 

so er according to this invention is capable of achieving the 
effective value of the heat exchanger efficiency as the 
ratio of the outside heat transfer coefficient to the ven- 
tilating resistance by selecting an appropriate tube ar- 
rangement pattern taking condensation of moisture con- 

55 tained in air into consideration. 

While the present invention has thus far been de- 
scribed in connection with a few embodiments thereof, 
it will readily be possible for those skilled in the art to put 
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a first microtube; 

a second microtube located adjacent to the first 
microtubes in a third direction perpendicular to 
the first and the second directions; and 

s a third microtubes located adjacent to the first 

and the second microtubes in a fourth direction 
obliquely intersecting the first and the third di- 
rections, characterized in that: 
each of mutual spacings between outer surfac- 

io es of the first and the third microtubes and be- 

tween outer surfaces of the second and the 
third microtubes is not smaller than a half of a 
mutual spacing between outer surfaces of the 
first and the second microtubes. 



Claims 

1 . A multitubular heat exchanger for carrying out heat 
20 exchange between a first heat exchange medium 

flowing substantially in a first direction and a second 
heat exchange medium flowing in a second direc- 
tion intersecting said first direction, said heat ex- 
changer comprising a plurality of microtubes each 

25 guiding said second heat exchange medium in said 
second direction, said microtubes being staggered 
to have a pitch X in said first direction and aligned 
to have a pitch Y in a third direction perpendicular 
to said first and said second directions, each of said 

30 microtubes having an outer diameter not greater 
than 3mm, each of said microtubes containing, as 
said second heat exchange medium, a refrigerant 
which is evaporated within each of said microtubes 
to make water be condensed as condensed water 

35 on an outer peripheral surface of each of said mi- 
crotubes, said second direction being the vertical 
direction, said condensed water flowing downward 
along said outer peripheral surface of each of the 
microtubes. 

40 

2. A multitubular heat exchanger for carrying out heat 
exchange between a first heat exchange medium 
flowing substantially in a first direction and a second 
heat exchange medium flowing in a second direc- 

45 tion intersecting said first direction, said heat ex- 
changer comprising a plurality of microtubes each 
having an outer diameter D and guiding said second 
heat exchange medium in said second direction, 
said microtubes being staggered to have a pitch X 

50 in said first direction and aligned to have a pitch Y 
in a third direction perpendicular to said first and 
said second directions, said pitch X satisfying the 
relationship expressed by: 

55 

1 .12 ^ X/D ^ 1.8. 



this invention into practice in various other manner. For 
example, the present invention may be embodied to 
have the following aspects. 

1. A multitubular heat exchanger for carrying out 
heat exchange between a first heat exchange me- 
dium flowing substantially in a first direction and a 
second heat exchange medium flowing in a second 
direction intersecting the first direction, the heat ex- 
changer comprising: 

a first microtube; 

a second microtube located adjacent to the first 
microtube in a third direction perpendicular to 
the first and the second directions; and 
a third microtube located adjacent to the first 
and the second microtubes in a fourth direction 
obliquely intersecting the first and the third di- 
rections, a sum of a spacing between the first 
and the third microtubes and a spacing be- 
tween the second and the third microtubes is 
approximated to but is not smaller than a spac- 
ing between the first and the second micro- 
tubes so that a heat exchanger efficiency is im- 
proved without increasing a pressure loss of the 
first heat exchange medium. 

2. A multitubular heat exchanger for carrying out 
heat exchange between a first heat exchange me- 
dium flowing substantially in a first direction and a 
second heat exchange medium flowing in a second 
direction intersecting the first direction, the heat ex- 
changer comprising: 

a first microtubes; 

a second microtubes located adjacent to the 
first microtube in a third direction perpendicular 
to the first and the second directions; and 
a third microtube located adjacent to the first 
and the second microtubes in a fourth direction 
obliquely intersecting the first and the third di- 
rections; 

the first, the second, and the third microtubes 
bing arranged so that a resistance against the 
first heat exchange medium during passage 
through a spacing between the first and the 
second microtubes is approximate to a sum of 
a resistance during passage through a spacing 
between the first and the third microtubes and 
a resistance during passage through a spacing 
between the second and the third microtubes. 

3. A multitubular heat exchanger for carrying out 
heat exchange between a first heat exchange me- 
dium flowing substantially in a first direction and a 
second heat exchange medium flowing in a second 
direction intersecting the first direction, the heat ex- 
changer comprising: 



3. A multitubular heat exchanger as claimed in claim 
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2, wherein said outer diameter D is not greater than 
3mm. 

4. A multitubular heat exchanger as claimed in claim 

2, wherein each of said microtubes contains, as s 
said second heat exchange medium, a refrigerant 
which is evaporated within each of said microtubes 
to makes water be condensed as condensed water 
on an outer peripheral surface of each of said mi- 
crotubes. 10 

5. A multitubular heat exchanger as claimed in claim 
4, wherein said second direction is the vertical di- 
rection, said condensed water flowing downward 
along said outer peripheral surface of each of the is 
microtubes. 

6. A multitubular heat exchanger for carrying out heat 
exchange between a first heat exchange medium 
flowing substantially in a first direction and a second 20 
heat exchange medium flowing in a second direc- 
tion intersecting said first direction, said heat ex- 
changer comprising a plurality of microtubes each 
having an outer diameter D and guiding said second 
heat exchange medium in said second direction, 25 
said microtubes being staggered to have a pitch X 

in said first direction and aligned to have a pitch Y 
in a third direction perpendicular to said first and 
said second directions, the pitch Y satisfying the re- 
lationship expressed by: 30 

1.8 ^ Y/D ^ 2.4. 

7. A multitubular heat exchanger as claimed in claim 35 
6, wherein said outer diameter D is not greater than 
3mm. 

8. A multitubular heat exchanger as claimed in claim 

6, wherein each of said microtubes contains, as 40 
said second heat exchange medium, a refrigerant 
which is evaporated within each of said microtubes 
to makes water be condensed as condensed water 
on an outer peripheral surface of each of said mi- 
crotubes. 45 

9. A multitubular heat exchanger as claimed in claim 
8, wherein said second direction is the vertical di- 
rection, said condensed water flowing downward 
along said outer peripheral surface of each of the so 
microtubes. 

10. A multitubular heat exchanger as claimed in claim 
6, whrerein said pitch X satisfying the relationship 
expressed by: 55 



1 .12 ^ X/D ^ 1.8. 
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(54) Multitubular heat exchanger having an appropriate tube arrangement pattern 



(57) A combination of tank members (2, 3) forms a 
fluid path for guiding a first heat exchange medium sub- 
stantially in a first direction. A plurality of microtubes (1 ) 
each having an outer diameter D are interposed be- 
tween the tank members (2, 3). Asecond heat exchange 
medium is guided by these microtubes (1) in a second 
direction intersecting the first direction for heat ex- 
change with the first heat exchange medium. The mi- 
crotubes (1) are staggered to have a pitch X in the first 
direction and are aligned to have a pitch Y in a third di- 
rection perpendicular to the first and the second direc- 
tions. In particular, the pitch Y is selected within a range 
specified by 1.8 ^ Y/D ^ 2.4. It is preferable that the 
pitch X is selected within a range specified by 1 . 1 2 ^ X/ 
D ^ 1.8. 
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